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57 ABSTRACT 
An electronic flash system including a flashtube for 
producing a controlled quantity of light energy, a plu 
rality of capacitors in which is stored electrical energy 
to be translated into the light energy in the flashtube 
and which are to be selectively coupled to the flashtube, 
a monitoring circuit for generating a signal when the 
quantity of the light energy produced by the flashtube 
has reached a predetermined value, bypass means for 
causing the electrical energy discharged from a capaci 
tor coupled to the flashtube to bypass the flashtube in 
response to the signal generated by the monitoring cir 
cuit, and a control circuit becoming operative when the 
electrical energy discharged from the capacitor that 
has been coupled to the flashtube falls short of a de 
sired quantity of light energy to be produced and selec 
tively coupling the rest of the capacitors to the flash 
tube until the desired quantity of lightenergy is emitted 
thereby. 

17 Claims, 17 Drawing Figures 
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ELECTRONIC FLASH SYSTEM 

BACKGROUND OF THE INVENTION 
This invention relates to an electronic flash system 

for photographic and other applications, and more par 
ticularly to an improved electronic flash system capa 
ble of automatic control of the quantity of light energy 
produced by a flashtube provided therein. 
According to a conventionally known counterpart of 

the electronic flash system of the invention, a monitor 
ing circuit is provided which integrates a quantity of 
light energy produced by a flashtube and which gener 
ates a signal when the quantity of light energy has been 
integrated to a predetermined value, whereupon the 
electrical energy being discharged from a capacitor 
coupled to the flashtube is made to bypass the flashtube 
for the correct exposure of a photographic film or the 
like. Such known electronic flash system has an advan 
tage in that the lens aperture of the camera need not be 
calculated for invidual shootings according to a speci 
fied Guide Number. . . . 

In order to take photographs of objects or scenes at 
widely varied distance under automatic control of a 

O 
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quantity of light energy produced each time by a flash-, . 
tube, as much electrical energy as possible should be 
stored in one or more capacitors. Generally, therefore, 
a Guide Number of from about 30 to 40 (in meters) is 
adequate when the exposure index of the film being 
used is 100 (in ASA). This results in the uneconomical 
use of the electrical energy stored in the capacitor or 
capacitors, the energy being wasted as it bypasses the 
flashtube to terminate its radiation. It has been con 
firmed that up to 80 percent of the objects in usual pic 
ture-taking situations are located within a distance of 
about 3 meters from the camera. Accordingly, assum 
ing an average lens fnumber of 5.6, a Guide Number 
of about 16 (in meters) will be enough for the produc 
tion of the light quantity needed for correct exposure 
in most cases. In the prior art electronic flash system of 
the kind referred to above, therefore, as much as 75 to 
80 per cent of the electrical energy stored in the capac 
itor or capacitors is wasted. 
Such a large percentage of wasted energy poses a 

problem not to be overlooked in case dry cells are 
being used as the power source of the system or, for 
that matter, even in the case of rechargeable power 
sources such as nickel cadmium batteries, in which lat 
ter case flashlight is obtainable only an unduly small 
number of times after each battery recharging. This 
number will be multiplied almost four times under 
usual conditions if the electrical energy that has been 
wasted as above is reduced to a minimum. 

sUMMARY OF THE INVENTION 
It is accordingly a primary object of the present in 

vention to provide a new and better electronic flash 
system capable of automatically controlling the quan 
tity of light energy produced by a flashtube for the core 
rect exposure of a photographic film or the like... 
Another object of the invention is to provide an elec 

tronic flash system so made that when a quantity of the 
lightenergy produced by a flashtube has attained a pre 
determined value, the electrical energy that has been 
supplied to the flashtube is made to bypass the same in 
order to terminate its radiation. 

Still another object of the invention is to provide an 
electronic flash system so made that the electrical en 
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2 
ergy which is wasted as it bypasses a flashtube in order 
to terminate its radiation is reduced to a minimum. 
Yet another object of the invention is to provide an 

electronic flash system wherein a plurality of capacitors 
charged with electrical energy to be translated into 
light energy in a flashtube are selectively or succes 
sively coupled to the flashtube until a desired quantity 
of flashlight is radiated by the flashtube, whereupon 
only the electrical energy being discharged from the ca 
pacitor coupled to the flashtube at that moment is 
made to bypass the same, so that only a minimum quan 
tity of electrical energy is expended for each flash oper 
ation. 
Yet a further object of the invention is to provide an 

electronic flash system so made that the duration of its 
flash impulse is determinable through operations of the 
focusing mechanism and lens aperture regulating 
mechanism of a camera coupled with the system, so 
that the quantity of the light energy is automatically 
controlled for correct exposure of the film loaded in 
the camera according to its lens aperture value and dis 
tance to an object or scene to be photographed. 
A further object of the invention is to provide an 

electronic flash system so made that the duration of its 
flash impulse is variable according to the specified ex 
posure index of the film being used, so that correct ex 
posure will always result even when film having differ 
ent exposure indices are used. 
Further objects of the invention, as well as the char 

acteristic features thereof, will be apparent from the 
following detailed description, when read with refer 
ence to the accompanying drawings showing, by way of 
example only, several preferred forms of the electronic 
flash system in accordance with the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGs 
In the drawings: 
FIG. 1 is a circuit diagram of an example of power 

supply means for use in the electronic flash system of 
the present invention; 
FIG. 2 is a circuit diagram of another example of the 

power supply means; 
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FIG.3 is a circuit diagram of a preferred embodiment 
of the present invention; 

FIG. 4 is a circuit diagram explanatory of a monitor 
ing circuit for use in the electronic flash system of the 
present invention; 
FIG. 5(a) is a schematic diagram of a flashtube and 

its attachments for use in the electronic flash system of 
the present invention, 4 
FIG. 5(b) being a perspective view of a housing of a 

photoelectric element given in FIG. 5(a); 
FIG. 6 is a circuit diagram of another preferred em 

bodiment of the present invention; 
FIGS. 7(a), (b) and (c) are views explanatory of an 

exposure calculator dial for use with the electronic 
flash system of the present invention; 
FIG. 8 is a circuit diagram of still another preferred 

embodiment of the present invention; 
FIG. 9 is a circuit diagram showing a monitoring cir 

cuit, for use in the electronic flash system of the inven 
tion, with relation to the related mechanisms of a cma 

65. era; FIG. 10 is a circuit diagram showing another example 
of the relationship between the monitoring circuit...and 
the related mechanisms of a camera; 
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FIG. 11 is a schematic diagram explanatory of some 
of the circuit elements of FIG. 10; 
FIG. 12 is a circuit diagram of yet another preferred 

embodiment of the present invention; and 
FIG. 13(a) is a circuit diagram showing a further ex 

ample of the relationship between the monitoring cir 
cuit and the related mechanism of a camera, 
FIG. 13(b) being a perspective view of a camera lens 

housing equipped with a variable resistor given in FIG. 
13(a). , 

DESCRIPTION OF THE PREFERRED 
EMBODMENTS 

FIGS. 1 and 2 of the drawings illustrate two different 
examples of DC power supply means for use in an elec 
tronic flash system of the present invention. Referring 
now more specifically to FIG. 1, a power supply 1 is 
connected to a transistor oscillator circuit 2 via a 
switch 3. The oscillating output of this transistor oscil 
lator circuit 2 is fed to a transformer 4, where it is 
raised in voltage, and then fed to a voltage doubling cir 
cuit comprised of diodes 5 and 6 and capacitors 7 and 
8, where the elevated output voltage of the transformer 
4 is rectified into direct voltage having approximately 
twice the peak amplitude of the applied voltage. The 
desired DC power thus produced is obtained at output 
terminals 9, 10 and 11 of the DC power supply means 
with the respective polarities indicated in the drawing. 
FIG. 2 illustrates another example of the DC power 

supply means, in which power supply 1 is connected to 
transistor oscillator circuit 2 via switch 3. The oscillat 
ing output of this transistor oscillator circuit 2 is simi 
larly directed to transformer 4, where it is raised in 
voltage and thence to a diode 12, where the elevated 
output voltage of the transformer 4 is rectified. Hence 
the DC output is obtained from output terminals 14 
and 15 with the respective polarities indicated. The po 
tential of another output terminal 13 is higher than that 
of the output terminal 14 by the voltage of the power 
supply 1. 
The two examples of the DC power supply means 

shown and described in the foregoing two paragraphs 
carry the reference numeral 16 in FIGS. 3 and 8 illus 
trating two different forms of the electronic flash sys 
tem in accordance with the present invention. 
Referring now to FIG. 3 which illustrates the circuit 

configuration of an electronic flash system in a first em 
bodiment of the invention, capacitors 17 and 18 serve 
for the storage of electrical energy to be translated into 
light energy in the form of flashlight. One of these ca 
pacitors 18, is so connected as to be charged via a 
diode 19 and to be discharged via a silicon controlled 
rectifier 20 (hereinafter referred to as an SCR.) Upon 
closure of a switch 21, a gate signal is applied to the 
gate terminal of this SCR 20 via a resistance 22 as indi 
cated by the arrow, whereupon conduction takes place 
therein so that the capacitor 18 is now connected to the 
circuit for delivering the electrical energy stored 
therein to a flashtube 23 causing the same to emit a 
flash of light. As the switch 21 is opened, the SCR 20 
returns to the nonconducting state upon completion of 
the charging of the capacitor 18 and hence is isolated 
from the aforesaid delivering circuit. The reference nu 
merals 9, 10 and 11 given in FIG. 3 indicate the output 
terminals of the DC power supply means of FIG. 1. 

In case the DC power supply means of FIG. 2 is used 
in place of that of FIG. 1 in the electronic flash system 
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4 
of FIG. 3, with the reference numerals 9, 10 and 11 
therein substituted with the reference numerals 13, 14 
and 15 to designate the output terminals of the former, 
a voltage obtained from the output terminals 13 and 14 
is smaller so that the resistance 22 of FIG. 3 has to be 
of a correspondingly smaller value. 
Further with relation to the electronic flash system of 

FIG. 3, a circuit incorporating resistances 25 and 26, a 
capacitor 27, a synchronized switch 28 and a trigger 
transformer 29 is conventionally well known as that for 
the application of a trigger pulse to the aforesaid flash 
tube 23 in the so-called "synchroflash' mechanism of 
a camera. Upon operation of a camera shutter (not 
shown), the synchronized switch 28 is closed so that 
the output from the secondary side of the trigger trans 
former 29 is impressed to a trigger electrode 24 of the 
flashtube 23 thereby to cause the same to flash. An out 
put terminal 32 is connected to a monitoring circuit 
still to be described with connection to FIG. 4, for the 
supply of a voltage thereto via a resistance 30, whereas 
input terminals 33 and 34 are connected to the output 
terminals of the monitoring circuit of FIG. 4. Upon ap 
plication of a pulse to the gate and the cathode of a 
SCR 31 through these input terminals 33 and 34, re 
spectively, conduction is initiated therein, whereupon 
the capacitors 17 and 18 are shorted with their electri 
cal energy bypassing the flashtube 23 to extinguish the 
radiation of the same. Since the shorting current that 
flows in this instance is considerably large in value, the 
SCR in use has to be of appropriately large capacity. In 
view also of the fact that this shorting current is of such 
short duration, its current rating may be from about 3 
to 5 amperes. 
FIG. 4 illustrates the circuit configuration of the 

aforesaid monitoring circuit, whose terminals 35, 36 
and 37 are connected to the output terminal 32 and the 
input terminals 33 and 34, respectively, of the circuit 
of FIG. 3. This monitoring circuit is comprised of di 
odes 38 and 39, resistances 40, 41, 42, 43, 44, 45, 46, 
47, 48, 49, 50 and 51, a variable resistor 52, capacitors 
53, 54, 55, 56, 57 and 58, transistors 59, 60 and 61, 
SCR 62, a photoelectric element 63 and a trigger trans 
former 64. The photoelectric element 63 may be 
served by a photoconductor such as for example cad 
mium sulfide or by a silicon or selenium photoelectric 
cell. The capacitors 53 and 54, whose capacitance may 
be about 40 microfarads each, are to be charged via the 
diode 38 for voltage stabilization. The photoelectric el 
ement 63 decreases in electrical resistance upon being 
illuminated, so that the transistor 59 has its base cur 
rent increased and hence its collector current corre 
spondingly affected. Since the value of this collector 
current is proportional to the illumination incident 
upon the photoelectric element 63, the voltage of the 
integrating capacitor 55 also is proportional to the 
quantity of the light incident thereupon. Further, there 
is caused in the transistor 60 a flow of base current pro 
portional to the voltage of the integrating capacitor 55, 
so that the collector current of the transistor 61 also is 
proportional to the incident quantity of light. The ca 
pacitor 56 and the resistances 44 and 45 are employed 
to cause the aforesaid transistors 60 and 61 to have a 
current flow whose value is proportional to the quantity 
of the light impulse incident upon the photoelectric ele 
ment 63, which may be emitted by the electronic flash 
device itself or may be reflected back from an object. 
Accordingly, the voltage at both ends of the variable 



S 
resistor 52 is proportional to that quantity of the light 
impulse. When this voltage reaches or exceeds a volt 
age determined by the capacitor. 58 and the resistance 
51 and also a voltage needed for the gating of the SCR 
62, this SCR 62 rapidly switches to the conducting state 
thereby to cause a discharge of the capacitor 57 and 
hence to energize the trigger transformer 64. There 
upon an output pulse is obtained from the aforemen 
tioned terminals 36 and 37, the diode 39 being inter 
posed between the trigger transformer 64 and the ter 
minal 36, so that condution also takes place in the SCR 
31 of FIG. 3 to stop the radiation of the flashtube 23 
through the procedure described already with refer 
ence to FIG, 3. 

It will now be clear that the timing of the extinction 
of the flashtube 23 is determinable as desired by vary 
ing the resistance of the variable resistor 52. Further 
with reference to the above described monitoring cir 
cuit of FIG. 4, the trigger transformer 64 is not neces 
sarily an inevitable component, but the surge current 
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produced upon conduction of the SCR 62 may be per 
mitted to flow directly to the gate of the SCR 31. How 
ever, in case a "quench tube' (a low-impedance gas 
filled relay tube) is used in place of this SCR 31, the 
secondary side of the trigger transformer 64 may have 
to be utilized for the production of high-voltage pulses 
to be impressed to the trigger electrode of the quench 
tube thereby to cause the above described bypassing 
operation of the capacitors 17 and 18. 
How the photoelectric element 63 in the monitoring 

circuit of FIG. 4 is subjected to radiant energy will now 
be described with reference to FIGS. 5(a) and (b). Re 
ferring first to FIG. 5(a), the flashtube 23 (given also 
in FIG. 3) is provided with a reflector 65, thereby to 
emit the flashlight. of the same toward an object or 
scene to be reproduced in the direction of the arrows 
B. Light of reduced intensity is to be emitted from a 
side projection 66 of the reflector 65 through a gray 
light filter (not shown). The photoelectric element 63 
of FIG. 4 is held in a casing 67, through an aperture 68 
of which the light reflected from the object in the direc 
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tion of the arrow C impinges upon the photoelectric el- ..." 
ement 63. As illustrated in greater detail in FIG. 5(b), 
the casing 67 containing the photoelectric element 63 
is pivoted by means of a shaft 70 so as to be revolvable 
in the lateral direction by 90' by manually turning a 
knob 69. Hence, turned 90 in the direction of the 
arrow D, as indicated in FIG. 5(a), the casing 67 has its 
aperture 68 against the side projection 66 of the reflec 
tor 65, from which the aforesaid reduced light of the 
discharge tube 23 radiates the photoelectric element 
63. It is accordingly possible to subject the photoelec 
tric element 63 to the direct light of the discharge tube 
23 or to the light reflected from the object by a simple 
turn of the knob 69. | 
As may have been understood from the preceding de 

scriptions made with reference to FIGS. 3 to 5, if the 
photoelectric element 63 is preadjusted so as to receive 
the light reflected from the object, for example, the 
flashlight of the flashtube 23 emitted in synchronism 
with the operation of the camera shutter as above is ex 
tinguished by the shorting of the capacitors 17 and 18 
due to the output of the trigger transformer 64 pro 
duced when the photoelectric element 63 is radiated to 
a predetermined degree. Hence the object can be pho 
tographed under proper exposure. What is to be noted 
here is that the resistance of the variable resistor 52 in 
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the monitoring circuit of FIG. 4 has to be adjusted in 
accordance with the lens aperture and the film sensitiv 
ity. Presumably, the capacitor 17 can have such a ca 
pacitance as to provide a Guide Number of 16, or the 
capacitors 17 and 18 can have such a total capacitance 
as to provide a Guide Number of 37. Then objects at 
comparatively short distances (e.g., 3 meters) are suf. 
ficiently photographable by use of the capacitor 17 
alone, so that the electrical energy wasted upon cone 
duction of the SCR 31 is thus greatly reduced. Under 
exposure will result, however, when only the energy of 
the capacitor 17 is used to light the flashtube 23, It is 
only in such case that the conduction of the SCR 20 in 
the circuit diagram of FIG.3 automatically takes place, 
as mentioned already and described in greater detail 
hereinbelow with reference to FIG, 8, 
Like reference numerals used in FIGS. 3 and 8 indi 

cate like circuit elements having substantially the same 
functions, so that these elements in FIG.8 will not be 
described any further. The primary difference resides 
in a detecting circuit comprised of resistances 71 and 
72, neon-glow tube 73, transistors 74 and 75, and re 
sistances 76 and 77. Proceeding now to the operation 
of this circuit of FIG. 8 embodying the present inven 
tion, the neon-glow tube 73 goes off as the discharge 
voltage of the capacitor 17 drops close to the voltage 
at which the flashtube 23 is extinguished. Since then 
the primary current of a trigger transformer 78 is shut 
off through a resistance 76, the resultant induced volt 
age in the secondary winding of the same causes a base 
current flow in a transistor 74. The conduction of this 
transistor 74 is followed by that of another transistor 
75, which applies a gate signal to the SCR 20 thereby 
to initiate its conduction whereupon the capacitor 18 
causes the renewed flashing of the flash lamp 23. 
Hence, following the discharge of the capacitor 17, the 
other capacitor 18 is automatically discharged as re 
quired to increase the total amount of light emitted by 
the flashtube. 23. 

It will now be clear that a still greater quantity of light 
energy is obtainable by the provision of a third capaci 
tor, complete with another SCR such as SCR 20 pro 
vided for the discharge of the capacitor 18 of FIG. 8, 
in combination with an additional circuit for detecting 
the drop of the discharge voltage of the capacitor 18 
close to the voltage at which the flashtube 23 is extin 
guished. If it is difficult to provide three or more such 
capacitors for the storage of electrical energy in a sin 
gle electronic flash device, a separate casing may be 
prepared which contains those capacitors and the 
aforesaid detecting circuit, with the necessary termi 
nals led out of the casing for connection with the neces. 
sary parts of the electronic flash unit. 

Referring again to FIG. 8, there occurs an instanta 
neous flow of charging current from the capacitor 18 
to the capacitor 17 upon conduction of the SCR 20, so 
that the SCR 20 will have to be of sufficiently large ca 
pacity. But this capacity may be reduced to a desired 
minimum by the provision of a diode 79 indicated by 
the dotted lines in the circuit diagram of FIG. 8. As de 
scribed already, when only the discharge of the capaci 
tor 17 is required for taking a photograph of an object 
or scene at closer distances, the monitoring circuit of 
FIG. 4 supplies its pulses output to the SCR 31 from the 
input terminals 33 and 34 thereby to initiate its conduc 
tion when the photoelectric element 63 provided in 
that monitoring circuit has been irradiated to a desired 
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degree. Thereupon the remaining electrical energy of 
the capacitor 17 bypasses the flashtube 23 for correct 
exposure. In this instance, however, the capacitor 17 
may have its voltage rapidly reduced to such a degree 
that the neon-glow tube 73 is extinguished, with the re 
sult that the SCR 20 becomes conductive to cause the 
undesired discharge of the other capacitor 18. This de 
ficiency is overcome according to the present invention 
by the provision of such additional circuit elements as 
a capacitor 80, SCR 81 and a trigger transformer 82, 
as indicated in FIG. 8. Thus the aforesaid pulse output 
of the monitoring circuit of FIG. 4, introduced from the 
input terminals 33 and 34, is applied to the trigger 
transformer 82, so that the resultant pulse output from 
the secondary winding of the same transformer 82 initi 
ates the conduction of the SCR 81 via the capacitor 80 
thereby to prevent the extinction of the neon-glow tube 
73 for a short period of time. The flashtube 23 may be 
caused to complete its flashing due to the discharge of 
the capacitor 17 within this period of time, thus pre 
venting the succeeding discharge of the capacitor 18. 
The capacitor 80 charged as above is discharged by 
means of a resistance 83 to make itself ready for the en 
suing operation. 

Alternatively, the same object is attainable as fol 
lows: A transformer 82, indicated by the dotted lines in 
FIG. 8, has its primary side series connected with the 
SCR 31, to offer extremely low impedance, so that a 
pulse voltage is induced on the secondary side of this 
transformer 82 when the bypass current starts to flow 
upon conduction of the SCR 31. The pulse voltage so 
induced as utilized as a gate signal of the SCR 81, 

"thereby to initiate its conduction and hence to prevent 
the premature extinction of the neon-glow tube 73. 
The neon-glow tube 73 used in the detecting circuit 

in the embodiment of the invention illustrated in FIG. 
8 may be replaced by an avalanche diode without need 
for the modification of that detecting circuit. Further 
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the SCR 20 may be replaced by a quench tube, in 
which case the current flow upon conduction of the 
transistor 75 is applied to the primary side of the trigger 
transformer 82, the resultant high-voltage pulse signal 
induced on the output side thereof being impressed to 
the trigger electrode of that quenching tube. Further 
more, instead of the quenching tube, another flashtube 
which may be of the same design as the flashtube 23 
may be installed inside the reflector 65 of FIG. 5. By 
impressing the high-voltage pulse signal induced on the 
output side of the trigger transformer to the trigger 
electrode of the second flash tube, the electrical energy 
of the capacitor 18 is successfully utilized for its flash 
light. By such a configuration, illustrated in detail in 
FIG. 12, the electrical energy to be wasted upon con 
duction of the SCR 20 (or the quench tube as its substi 
tute) can be translated into radiant energy. 
Referring now to FIG. 12 which illustrates the circuit 

configuration of a further example of the electronic 
flash system of the invention, the reference character 
84 indicates DC power supply means having two output 
terminals with their respective polarities as indicated in 
the drawing. The aforesaid second flashtube 85 is as 
sumed to be juxtaposed with the first flahstube 23 
within one and the same reflector. Further in this cir 
cuit of FIG. 12, a trigger transformer 87, transistors 88 
and 89, and resistances 90,91, 92,93, 94 and 95, etc. 
are connected as illustrated. A neon-glow tube 96 is 
kept extinguished as long as electrical energy is stored 

40 

45 

50 

55 

60 

65 

8 
in the capacitor 17, and is to be lit before the comple 
tion of the flashing of the flashtube 23 caused by the 
discharge of that energy, as explained in greater detail 
hereinafter. A capacitor 97, which is of large capaci 
tance, is charged via a diode 98, so that its voltage is 
kept unvaried even when the voltage of the capacitor 
17 drops rapidly to supply its discharge to the flashtube 
23. As long as the capacitor 17 is charged, the neon 
glow tube 96 is kept extinguished since the voltage at 
both ends thereof is less than that needed for its firing. 
As the voltage of the capacitor 17 drops along with the 
flashing of the first flashtube 23, the neon-glow tube 96. 
lights up owing to the resultant voltage drop of the re 
sistance 94, at a moment preceding the complete ex 
tinction of the flashtube 23. A sudden increase in the 
base is reduced to a minimum. It will accordingly be 
seen that the electronic flash system in accordance with 
the present invention is particularly advantageous for 
taking photographic pictures of objects or scenes at 
closer distances. 
With reference again to FIG. 12, when only the elec 

trical energy of the capacitor 17 is required, the output 
signal of the monitoring circuit of FIG. 4, supplied from 
the input terminals 33 and 34 to the SCR 31 thereby to 
cause the remaining electrical energy of the capacitor 
17 to bypass the first flashtube 23, is also impressed to 
a trigger transformer 99. The resultant voltage induced 
in the secondary winding of this trigger transformer 99 
initiates the conduction of a SCR 100, so that the volt 
age across the neon-glow tube 96 does not change to 
such a degree as to light it up. The flashing of the flash 
tube 23 is completed in the meantime. The neon tube 
96 is kept extinguished until the capacitor 17 is re 
charged by the DC power supply means 17, since the 
resistance 94 does not suffer the aforementioned volt 
age drop thanks to the voltage of the capacitor 97 sup 
plied via a resistance 101 and the SCR 100. Thereafter, 
as the resistances 93 and 94 are made again to carry 
current, the voltage on the cathode side of the SCR 100 
rises thereby to automatically switch this SCR 100 to 
the nonconducting state and hence make it ready for 
the next operation. Further, the output pulses of the 
trigger transformer 99 have to be of such duration that 
the conducting state of the SCR 100, initiated upon re 
duction in the current carried by the resistance 94, lasts 
for a sufficient period of time. 
As may be understood from the foregoing, the dis 

charge of the capacitor 18 does not take place since the 
detecting circuit including the neon-glow tube 96 is 
prevented from operating even when the voltage of the 
capacitor 17 drops further, after its discharge has been 
made, to bypass the flashtube 23 by the SCR.31. While 
the aforementioned second flashtube 85 may be juxta 
posed with the first flashtube 23 so as to make use of 
one and the same reflector as mentioned above, a cir 
cuit including all or part (the flashtube 85 and the ca 
pacitor 18 being indispensable) of the flashtube 85, the 
diode 19, the capacitor 18, the trigger transformer 87 
and 99, the SCRs 102 and 100, the capacitors 103,104 
and 97, the resistances 105,106,90,91, 92,93, 94 and 
95, and the transistors 88 and 89 may be provided in 
a separate casing, with means for connection with the 
main electronic flash unit, for the convenience of the 
user. 

FIG. 6 illustrates the circuit configuration of still a 
further example of the electronic flash device of the 
present invention, in which DC power supply means 84 
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has positve and negative output terminals like the DC 
power supply means used in the precedingly described 
embodiment of the invention given in FIG. 12. The ca 
pacitor 18 in the example of FIG. 6 is provided with a 
controlled rectifier 46 capable of permitting conduc 
tion in both directions (e.g., one known by the trade 
mark "Triac"), in addition the diode 19. This property 
of the controlled rectifier 108 makes it possible for the 
capacitor 18 to be charged and discharged as required. 
Hence the objects of the present invention are attain 
able by providing a circuit for the detection of the com 
pletion of the discharge of the capacitor 17 as in the 
previously described embodiment of FIG. 8 and by ap 
plying a gate control signal to the controlled rectifier 
108 from an appropriate switching circuit. A quench 
tube 109 is used for the shorting of the capacitors 17 
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and 18 upon completion of desired flashing. As in the 
foregoing embodiments of the invention, the output 
signal of the monitoring circuit of FIG. 4, to be pro 
duced when a desired amount of light has been flahsed 
by the flashtube 23, is impressed to a trigger electrode 
110 from the input terminals 112 and 113 thereby to 
cause the discharge of the quench tube 109. The afore 
mentioned diode 19, provided for the charging of the 
capacitor 18, may be dispensed with for reasons, de 
scribed already. A capacitor 114 of large capacitance 
is to be charged via a diode 115 so as to serve as a 
power supply for transistors 116 and 117. Although the 
capacitor 17 suffers a voltage drop due to the discharge 
of the quench tube 109 caused by the supply of the out 
put signal of the monitoring circuit as above, conduc 
tion takes place in SCR 118 by the output voltage of a 
trigger transformer 119, so that a neon-glow tube 120 
is kept lit through a resistance 121. The controlled rec 
tifier 108 thus remains nonconducting, nor is the ca 
pacitor 18 discharged. Resistances 122 and 123 again 
carry current upon completion of the recharging of the 
oncedischarged capacitor 17, the resultant rise in the 
cathode voltage of the SCR 108 switching the same to 
the nonconducting state thereby to make it ready for 
the ensuing operation. In the event a desired amount of 
flashlight is not obtained by the complete discharge of 
the capacitor 17, the neon-glow tube 120 is extin 
guished by the voltage drop at both ends of the resis 
tance 122 prior to the termination of the flashing of the 
flashtube 23. Accordingly, the value of the current that 
flows in the transistors 116 and 117 rapidly decreases, 
and the trigger transformer 22, is energized to initiate 
the conduction of the controlled rectifier 108. There 
upon the electrical energy stored in the other capacitor 
18 is discharged to maintain the flashing of the flash 
tube 23. When the desired amount of flashlight is thus 
obtained, the quench tube 109 is triggered to the con 
ducting state by the output signal of the monitoring cir 
cuit of FIG. 4 so that the remaining electrical energy, 
if any, of the capacitor 18 is made to bypass the flash 
tube 23 thereby to cut short its flashing. . 
Now, according to the present invention, there are 

two ways of operating the electronic flash system of the 
invention when the casing 45 of FIG. S(a) is turned 90' 
in the direction of the arrow D as indicated in the draw 
ing so that the photoelectric element 163 contained 
therein is subjected to the direct radiation of the flash 
tube 23. The first is to make use of some adequate 
means for calculating correct exposure, such as for ex 
ample an exposure calculator of FIG. 7, and the other 
is to operate the electronic flash system of the inven 
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tion in conjunction with a lens aperture-regulating 
means and a focusing means of a camera, as illustrated 
by way of example in FIGS. 9, 10 and 11. 

Referring now to FIG. 7 in order to explain the con 
struction and the use of the exposure calculator means 
illustrated therein, there are to be provided at the back 
of the electronic flash system casing a knob 125 and a 
dial 126 which are secured to a shaft 127. This shaft 
127 is coupled with a housing 128, as illustrated in FIG. 
7(b), which contains the variable resistance 52 of FIG. 
4 having a pair of terminals 129. Hence the value of this 
resistance 52 is to be controllably varied by the manual 
rotation of the knob 125. There is also secured to the 
aforesaid shaft 127 a sleeve 130 to which are secured 
sliders 131 and 132 so as to be slidable upon a switch 
ing disk 133. As illustrated in detail in FIG. 7(c), this 
switching disk 133 is provided with electrically conduc 
tive portions 134 and 135, the conductive portion 134 
maintaining contact with the slider 132 so as to serve 
as a slip ring, and the other conductive portion 135 
contacting the slider 131 only through an appropriately 
predetermined angle. A switch is thus composed of the 
respective terminals 136 and 137 of the conductive 
portions 134 and 135, to be made only while the knob 
125 is turned in the direction of the arrow E through 
the angle defined by the conductive portion 135. This 
switch corresponds to switch 21 in FIG. 3. Hence, when 
the knob 125 is turned within the predetermined angle, 
the capacitor 17 alone supplies its energy to the flash 
tube 23, whereas, when the knob is turned in excess of 
that angle, the other capacitor 18 supplies its energy to 
the same flashtube in order to increase the amount of 
the flashlight radiated thereby. 
With reference back to FIGS. 7(a) and (b), dials 126 

and 138 are mounted on the shaft 127 so as to be freely 
turnable independently of each other on the frame 139. 
The dial 126 is marked with indices 140 and 141, 
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whereas the other dial 138 is marked with a set of cali 
brations 142 to indicate lens aperture and with another 
set of calibrations 143 to indicate distance to an object 
or scene to be reproduced. The frame 139 is marked 
with a set of calibrations 144 to indicate film exposure 
index (in ASA, for example), and with another set of 
calibrations 145, seen through a slot 146 cut open in 
the dial 138, to indicate the duration of a flash impulse. 
For taking photographs, a lens aperture setting of the 

camera on the calibrations 145 is adjusted to the expo 
sure index of the film in use on the calibrations 144 by 
turning the dial 138 by means of a knob 147 attached 
thereto. The index 140 is set to the visually estimated 
distance to the object or scene on the calibrations, 143 
by turning of the knob 125, so that the aforementioned 
housing 128 coupled therewith is turned to vary the 
value of the variable resistance 52 of FIG. 4. Upon 
shooting, the electrical energy stored in the capacitor 
17 is bypassed when the desired amount of flashlight, 
prescribed by the variable resistance 52, has been ob 
tained. In case a greater quantity of flashlight is re 
quired for correct exposure, the slider 131 comes in 
contact with the electrically conductive portion 135 
since then the dial 126 is turned farther in the direction 
of the arrow E of FIG.7(c), so that the resultant clo 
sure of the switch 21 of FIG. 3 causes the other capaci 
tor 18 to supply its electrical energy for the radiation 
of the greater quantity of flashlight required. Needless 
to say, the value of the variable resistance 52 is varied 
correspondingly. The index 140 is to meet the index 
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148 to indicate a point where the other capacitor 18 is 
to take part in the radiation of flashlight, thereby en 
abling the photographer to make use of only the electri 
cal energy stored in the capacitor 17 through proper 
setting of lens aperture. In contrast with conventional 
Guide Number calculation, in which case the camera 
lens aperture has had to be reset for each shooting, the 
present invention enables obtaining correct exposure 
only by turning the knob 125 while the lens aperture 
setting is left unvaried. 

Further, according to this invention, the duration of 
each flash impulse can be determined as desired for 
taking a photograph of an object moving at extremely 
high speed or for special photographic effects. Since 
the variation of the value of the variable resistance 52 
of FIG. 3 not only results in the variation of the quan 
tity of flashlight radiated but in the duration of the flash 
impulse, the knob 125 of FIG. 7(a) or (c) is turned to 
adjust the value of desired flash impulse duration on 
the calibrations 145 with the index 141. The other 
knob 147, attached to the dial 138, is turned to adjust 
a value of estimated distance to the object on the cali 
brations 143 with the other index 140. A lens aperture 
value corresponding to the exposure index of the film 
in use is read from the calibrations 142 to set the lens 
aperture of the camera to that value. It is thus possible 
to take a photograph under correct exposure and in the 
prescribed flash impulse duration. This duration may 
be varied within the range of from 1/50,000 to 1/1000 
second. 
Needless to say, the positions of the calibrations 744 

and the calibrations 142 as well as the positions of the 
index 140 and the index 143 are freely interchange 
able. It will also be obvious that, when the exposure cal 
culator means of FIG. 7 is used in combination with the 
circuit of FIG. 8, the switch mechanism (corresponding 
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the lens aperture-regulating mechanism and the focus 
ing mechanism of the camera. In this figure, terminals 
35, 36 and 37 are respectively connected to the output 
terminal 32 and the input terminals 33 and 34 of the 
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circuits of FIGS. 8 and 12. The monitoring circuit illus 
trated here is the same as that of FIG. 4, except that the 
variable resistor 52 in the monitoring circuit of FIG. 4 
is not provided and that a pair of terminals 149 are led 
out for connection with a pair of terminals 150 of the 
camera via detachable leads 151. The photoelectric el 
ement 63 in the monitoring circuit of FIG. 9 is so posi 
tioned as to receive the direct flashlight of the flashtube 
23. A photoconductor 152, a variable resistor 153 cou 
pled to a shutter speed dial (not shown), a meter 154 
and a power supply 155 combine to make up the well 
known semiautomatic daylight exposure setting mecha 
nism used widely in single-lens reflex cameras. A 
proper setting of camera shutter speed on the shutter 
speed dial causes the resistance of the variable resistor 
153 to be varied correspondingly. The camera lens ap 
erture is then set properly. In a through-the-lens (TTL) 
type, the light that has passed through the camera lens 
is received by the photoconductor 152, so that the 
pointer of the meter 154 deflects in response to change 
in the camera lens aperture. For correct exposure, the 
shutter button may be depressed at the moment when 
the pointer of the meter 154 deflects to a predeter 
mined position. In case the exposure index of the film 
in use is to be taken into account, the meter 154 to 
gether with its pointer has to be turned (as indicated by 
the arrow G) to a calibration corresponding to the ex 
posure index of the film. For taking photographs with 
use of the electronic flash system of the invention, the 
camera shutter speed is to be set properly, for example 
to 1/60 second in the case of a focal plane shutter. A 

to the switch 21 of FIG. 3) comprising the switching 
disk 133 and the sliders 131 and 132 that are provided 
on the housing 128 can be dispensed with. In this case, 
the capacitor 18 may be made automatically to deliver 
its energy for the radiation of a greater quantity of 
flashlight, whenever desired, as the knob 125 is turned 
in the direction of the arrow E through an increased an 
gle. Furthermore the knob 125 need not necessarily be 
associated with the variable resistance 52 of FIG. 4. 
Since the energy of the light radiated by the flashtube 
23 can be considered as being proportional to the en 
ergy of the input to that flashtube 23, an additional cir 
cuit may be provided which is capable of integrating 
the product of the voltage impressed to the flashtube 
23 and the current flowing therein, instead of the pho 
toelectric element 63 which integrates the quantity of 
the radiated light. A signal to be produced when the re 
sult of the integration reaches a predetermined value 
may be utilized to energize the SCR 31 to the conduct 
ing state and hence to cause the flashtube 23 to termi 
nate its radiation. In this instance, to realize the above 
explained object of the invention, an integrating capac 
itor to produce the mentioned signal has to be provided 
with a variable resistor, which may be coupled to the 
knob 125 of FIG, 7, thereby to regulate that integrating 
capacitor. 
Reference will now be made to FIG. 9 in order to de 
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scribe the operation of the electronic flash system of 
the invention with reference to a camera. FG. 9 is illus 
trated to show the interrelation between the monitoring 
circuit in accordance with the present invention and 

changeover switch 156 is then turned to the position 
indicated by the dotted line. For the sake of conve 
nience, this changeover switch 156 may be mechani 
cally coupled to the shutter speed dial in such a manner 
that the changeover switch 156 is turned to the position 
of the dotted line only when the camera shutter speed 
is set to 1/60 second. The focusing mechanism is oper 
lated to adjust the focus of the camera lens to the object 
or scene to be photographed, whereupon the resistance 
of a variable resistor 157 coupled to the focusing mech 
anism is changed correspondingly. The lens aperture 
regulating mechanism is operated for proper setting of 
the camera lens aperture, thereby causing the resis 
tance of a variable resistor 158 coupled therewith to be 
changed correspondingly. 
Upon shooting, the flashtube 23 of FIG.8 or 12 radi 

ates its controlled flashlight for correct exposure. Ex 
plained in greater detail, since the sum of the resistance 
of the variable resistors 157 and 158 corresponds to the 
resistance of the variable resistor 52 in the monitoring 
circuit of FIG. 4, this sum determines the duration of 
the flashlight radiated by the flashtube 23. The variable 
resistors 157 and 158 are coupled to the focusing 
mechanism and the lens aperture-regulating mecha 
nism, respectively, in such a manner that the more dis 
tant the object or scene to be reproduced, and the 
smaller the lens aperture, the smaller are the resist 
ances of resistors 157 and 158. When the sum of the re 
sistances of the variable resistors 57 and 158 is ren 
dered smaller than a predetermined value, the capaci 
tor 18 automatically delivers its electrical energy to the 
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flashtube 23 in order to increase the total quantity of 
the light energy radiated thereby. 
For taking into account the exposure index of the 

film in the above embodiment of the invention, the rel 
ative locations of the variable resistors 157 and the fo 
cusing mechanism, or the relative locations of the vari 
able resistor 158 and the lens aperture-regulating 
mechanism, may be changed according to the specified 
value of the film exposure index. The pointer of the 
meter 154, seen in the camera finder, moves in accor 
dance with the sum of the resistances of the variable re 
sistors 157 and 158. An index may be predisposed at 
such a position within the finder that pointer deflection 
in excess of that index indicates that the flashlight radi 
ated by the discharge of the electrical energy from both 
of the capacitors 17 and 18 will still result in underex 
posure. In this case the shooting of the subject has to 
be discouraged. An additional index may be predis 
posed at another position so that pointer deflection in 
excess of this additional index is an indication that, 
upon shooting, the capacitor 18 will deliver its energy 
to the flashtube 23 to increase the total quantity of the 
light energy radiated thereby. In this instance, the lens 
aperture of the camera may be made larger to reduce 
the pointer deflection into the range defined by the ad 
ditional index and hence to make use of the electrical 
energy stored in the capacitor 17 alone as far as practi 
cal. While in the embodiment of FIG. 9 the photoelec 
tric element 63 is used in the monitoring circuit for in 
tegrating the light energy radiated, there may, of 
course, be contemplated an alternative arrangement in 
which the electrical energy supplied to the flashtube 23 
of FIG.8 or 12 is integrated in order to switch the SCR 
31 to the conducting state by a signal to be produced 
at the moment when the result of the integration 
reaches a predetermined value, thereby terminating the 
flashing of the flashtube 23. 
FIG. 10 illustrates another example of the interrela 

tion between the electronic flash system of the inven 
tion and the camera. In the drawing, a pair of terminals 
149 are assumed to be led out of a monitoring circuit 
of the same configuration as that of FIG. 9, for connec 
tion with another pair of terminals 150 led out of the 
camera by means of leads 151. The terminals 150 are 
connected with a variable resistor 159 which regulates 
the quantity of light energy radiated by the flashtube of 
the electronic flash system, thus serving the function of 
the variable resistor 52 of FIG. 4. Variable resistor 153, 
photoconductor 152, changeover switch 156, power 
source 155 and meter 154 operate the same way as the 
respective circuit elements of FIG.9 carrying the same 
reference numerals. The functions of the variable resis 
tors 157 and 158 are also the same as the functions of 
the variable resistors 157 and 158 of FIG. 9. What dis 
tinguishes the embodiment of FIG. 10 is the construc 
tion of the meter 154 and the variable resistor 159. 
Referring now to FIG. 11 in order to describe the 

meter 154 and the variable resistor 159 in greater de 
tail, a manually, turnable knob 160 is secured with a 
shaft 161 and a dial 162 which is marked with an index 
163. Another dial 164, attached to the camera body, is 
marked with an index 165. The shaft 161 is coupled 
with a shaft 167 of housing 166 containing the afore 
said variable resistor 159, so that the resistance of this 
variable resistor 159 is to be changed by the manual 
turn of the knob 160. A magnet 168 is attached to a 
yoke 169 of the aforesaid meter 154, and a movable 
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coil 170 is secured with a pointer 171. A shaft 172 
mounted in the camera body turnably supports a sec 
ondary pointer 173, which is to be moved by manually 
turning of the knob 160 so as to agree in position with 
the pointer 170. A member 174 is marked with an 
index 175. A pointer 176 is secured to the aforesaid 
yoke 169 of the meter 154. By turning this pointer 176 
in the direction of the arrow G in FIG. 11 by means of 
a knob or the like (not shown in the drawing), the 
meter 154 turns together the pointer 171. Hence the 
pointer 176 is adjustable on calibrations 177 according 
to the exposure index of the film being used. 
To explain the manner of use of the above described 

means illustrated in FIGS. 10 and 11, the pointer 176 
is firstly adjusted to that position on the set of calibra 
tions 177 corresponding to the exposure index of the 
film in use. The changeover switch 156 of FIG. 10 is 
turned to the position indicated by the dots in the draw 
ing. The focusing mechanism is then operated to focus 
the camera lens on the object or scene to be repro 
duced, thereby to change the resistance of the variable 
resistor 157 correspondingly. The lens aperture is set 
properly, thereby correspondingly changing the resis 
tance of the variable resistor 158 and also causing the 
pointer 171 of the meter 154 to deflect correspond 
ingly. The knob 160 is turned to adjust the secondary 
pointer 173 at the previously determined position of 
the pointer 171, the resistance of the variable resistor 
159 of FIG. 10 being changed correspondingly. Now, 
upon shooting, the light impulse is radiated whose du 
ration is determined by the resistance of the variable 
resistor 159 so as to provide a quantity of light energy 
necessary for correct exposure of the film. The indices 
163 and 165 marked on the dials 162 and 164, respec 
tively, may be utilized in such a manner that, as the 
index 163 comes to agree with the index 165 by turning 
of the knob 160 to adjust the secondary pointer 173 at 
the position of the pointer 171 as above, the capacitor 
18 is connected in the circuit for delivering the electri 
cal energy stored therein to the flashtube upon shoot 
ing. This serves for the economical use of the energy 
stored in the capacitor 18, as in the precedingly de 
scribed embodiment of the present invention. The 
same object is attainable by the index 175 marked on 
the member 174, in which case the pointer 171 agrees 
with that index 175 to indicate a point where the capac 
itor 18 is connected to the aforesaid delivering circuit 
upon shooting. It is to be understood that the above de 
scribed procedure of the operations of the focusing 
mechanism, the lens aperture regulating mechanism, 
and the knob 160 is purely by way of example. 
FIGS. 13(a) and 13(b) are given to explain the rela 

tionship between the electronic flash system of the in 
vention and the related mechanisms of a camera, as 
well as the construction of variable resistors associated 
with the lens aperture regulating mechanism and focus 
ing mechanism of the camera. The pair of terminals 
149 in F.G. 13 (a) are assumed to be led out of the 
monitoring circuit given in FIG. 9 and are connected 
through leads 151 with the pair of terminals 150 of the 
camera. The terminals 150 are provided with a variable 
resistor 178 which serves the function of the variable 
resistor 52 of FIG. 4, the resistance of this variable re 
sistor 178 being changed to cause a corresponding 
change in the quantity of light energy to be produced 
by the electronic flash system of the invention. It is also 
assumed that in this particular embodiment of the in 
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vention, the photoelectric element 62 in the monitoring 
circuit of FIG. 4 or 9 is turned so as to be radiated di 
rectly by the flashtube 23. Variable resistor 153, photo 
conductor 152, power supply 155 and meter 154 com 
bine to make up the mentioned semiautomatic expo 
sure setting mechanism as in the precedingly described 
embodiment of FIG.9. Only the changeover switch 156 
of FIG. 9 is absent here. For taking pictures by daylight, 
a proper setting of shutter speed causes a correspond 
ing change in the resistance of the variable resistor 153. 
Of the T.T.L. system, the beam of light that has passed 
through the camera lens aperture regulated by its dia 
gram is received by the photoconductor 152, so that 
correct exposure will result upon shooting when the 
pointer of the meter 154 deflects to a prescribed posi 
tion (to be marked appropriately) by operating the lens 
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aperture regulating mechanism. The pointer of the 
meter 154 is to be turned, as indicated by the arrow, ac 
cording to the exposure index of the film being used. 
The resistance of the variable resistor 178 is changed 
by operating the lens aperture regulating mechanism 
and focusing mechanism of the camera, by means de 
scribed hereinbelow with reference to FIG. 13(b) 
which shows the camera lens housing in exploded form. 
The focusing 179 contains a lens system 180 (indi 

cated by the dotted lines in the drawing). A ring 181 is 
manually turnable to move the whole lens system or 
only the front lens element back and forth for a focus 
ing operation, being turned in the direction of the 
arrow M for an object at closer distance. The distance 
to the object is calibrated on 182. Electrically resistive 
member 178 is pasted or otherwise attached to a por 
tion 183 integral with the ring 181. Electrically conduc 
tive member 184 is in contact with the ring 181 and is 
grounded to the lens housing 179. A ring 185 as a part 
of the lens aperture regulating mechanism is to be 
turned clockwise (indicated by the arrow N in the 
drawing) for increasing the lens aperture, and vice 
versa. A slider 186 is secured to this ring 185 so as to 
slide on the resistive member 178 while being in con 
tact at the other end with an electrically conductive 
portion 187 provided on the right hand side 188 of the 
lens housing 179 and connected to a contact 190 of a 
housing end 189 through a lead 191. The end 189 of 
the lens housing is to be screwed, bayoneted or other 
wise secured to the camera body. 
The contact 190 of the housing end 189 so secured 

to the camera body is to be connected with a corre 
sponding contact of the camera body, and the electri 
cally conductive member 184 is to be connected to the 
camera body itself. By connecting the pair of terminals 
150 of FIG. 13 (a) with the grounding terminal of the 
camera body and its contact connected with the afore 
said contact 190, the resistive member 178 of FIG. 13 
(b) serves as the variable resistor 178 of FIG. 13 (a). 
it will now be clear that the resistance of this variable 
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resistor 178 is changed by rotating the ring 181 of the 
lens housing 179. The resistance of the variable resistor 
178 remains unchanged, however, when the ring 181 
and the ring 185 (carrying a set of calibrations 192 in 
dicating lens aperture) are turned in the same direction 
and through the same angle. That is to say, the quantity 
of light energy to be determined by this variable resis 
tor 178 does not change in that case. Accordingly, 
when the distance to an object has become twice as 
long as the succeedingly photographed object, for in 
stance, the lens aperture has to be decreased two steps 
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in f-number. For this reason, the calibrations 192 have 
to be marked in lens f-number and to be at equal spac 
ings, and the calibrations 182 also have to be spaced 
equal to the spacings of the calibrations 192. More 
over, successive calibrations 182 which indicate the 
distance to the object have to carry values whose 
squares are substantially in geometric progression with 
a ratio of 2. For this purpose, the ring 181 and the lens 
system 180 should not be interlocked by means of 
screws or the like, but with some adequate cam means, 
in such a manner that the lens system 180 is moved 
back or forth in nonlinear relationship with the angle 
of rotation of the ring 181. Thus, by turning the ring 
181 to focus on the object and by properly setting the 
lens aperture, the resistance of the variable resistor 178 
is changed so as to ensure the radiation of light energy 
necessary for correct exposure. 
As regards the exposure index of the film being used, 

the relative locations of the ring 185 and the lens aper 
ture regulating mechanism may be varied in an ade 
quate manner according to the specified value of the 
exposure index. When the object is located at a closer 
distance and, therefore, when a greater lens aperture is 
required, the rings 181 and 185 are turned in the direc 
tions of the arrows M and N, respectively, so that the 
resistance of the variable resistor 178 is increased. It 
will also be clear that when the resistance of this resis 
tor 178 is rendered smaller than a predetermined value, 
the capacitor 18 is automatically connected in the 
aforementioned delivering circuit for correct exposure 
upon shooting. 
The contact 190 at the end of the lens housing of 

FIG. 13 (a) may be dispensed with if the terminal 150 
connected with the lead 151 is to be provided directly 
on the lens housing 179. There may, of course, be con 
templated the provision of adequate counterparts of 
the variable resistor 178 and its terminal 150 to the 
housings of spare lens systems, if any, to be used in sub 
stitution for the lens system 180 of FIG. 13 (b). Fur 
ther, it is assumed that the variable resistor 178 is such 
that its resistance increases twice as much each time 
the ring 185 is turned in the direction of the arrow N 
by one calibration, although such geometric progres 
sion of the resistance of the variable resistor 178 has to 
be modified according to the construction of the moni 
toring circuit of FIG. 4 to be used in combination. 
Although the electronic flash system of the present 

invention has been shown and described in the forego 
ing in some specific aspects thereof, it is understood 
that the invention is not to be restricted thereby but in 
cludes obvious and reasonable equivalents within the 
skill of the specialists. 
What is claimed is: 
1. An electronic flash system comprising, in combi 

nation, a flashtube, a plurality of capacitors in which is 
stored electrical energy to be translated into light en 
ergy by means of said flashtube said plurality of capaci 
tors including a first capacitor having a value capable 
of storing sufficient energy for illumination of said 
flashtube under conditions of relatively low level light 
ing requirements and at least one second capacitor for 
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providing further energy under conditions of higher 
level lighting requirements when the energy supplied 
by the first capacitor is insufficient, a circuit for deliv 
ering the electrical energy stored in said capacitors se 
lectively to said flashtube, a circuit for monitoring a 
quantity of the light energy produced by said flashtube, 
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said monitoring circuit generating a signal at the instant 
when the quantity of the light energy has reached a pre 
determined value, bypass means coupled to said moni 
toring circuit for causing the electrical energy dis 
charged from the capacitor coupled to said delivering 
circuit to bypass said flashtube in response to the signal 
generated by said monitoring circuit, the remaining ca 
pacitors remaining energized, a detecting circuit for 
generating a signal when the electrical energy of the ca 
pacitor coupled to said delivering circuit has been dis 
charged through said flashtube, and a control circuit 
responsive to the signal generated by said detecting cir 
cuit for selectively and successively coupling the rest of 
said capacitors to said delivering circuit only when the 
electrical energy discharged from the capacitor which 
has been coupled to said delivering circuit is insuffi 
cient for said flashtube to produce a desired quantity of 
light energy. 

2. An electronic flash system as claimed in claim 1 
wherein said plurality of capacitors consist of a first ca 
pacitor always coupled to said delivering circuit and a 
second capacitor to be coupled selectively to said deliv 
ering circuit by means of said control circuit. 

3. An electronic flash system as claimed in claim 2 
wherein said control circuit includes a solid state de 
vice coupled between said second capacitor and said 
delivering circuit for the control of the flow of current 
from said capacitor to said flashtube. 

4. An electronic flash system as claimed in claim 3 
wherein said solid state device is a silicon controlled 
rectifier. " . 

5. An electronic flash system as claimed in claim 4 
wherein said detecting circuit comprises a neon-glow 
tube which remains conductive until the electric poten 
tial of said delivering circuit drops to a predetermined 
value, and at least one switching element responsive to 
the termination of the conduction of said neon-glow 
tube to initiate conduction in said silicon controlled 
rectifier. 

6. An electronic flash system as claimed in claim 5 
wherein said switching element is a transistor. 

7. An electronic flash system as claimed in claim 4 
wherein said detecting circuit comprises a neon-glow 
tube whose conduction is initiated when the electric 
potential of said delivering circuit has dropped to a pre 
determined value, and at least one switching element 
being responsive to the initiation of the conduction of 
said neon-glow tube to switch said silicon controlled 
rectifier to the conducting state. 
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wherein said solid state device is a Triac. 

10. An electronic flash system as claimed in claim 9 
wherein said bypass means includes a gas-filled relay 
tube connected in parallel with said flashtube, said gas 
filled relay tube becoming conductive in response to 
the signal generated by said monitoring circuit. . 

11. An electronic flash system as claimed in claim 2 
wherein said bypass means includes a silicon controlled 
rectifier connected in parallel with said flashtube, said 
silicon controlled rectifier being switched to the con 
ducting state by the signal generated by said monitoring 
circuit. 

12. An electronic flash system as claimed in claim. 1 
wherein said monitoring circuit comprises a photoelec 
tric element to be irradiated by said flashtube, an inte 
grating capacitor to be charged with electrical energy 
in accordance with the quantity of light energy incident 
on said photoelectric element, a switching element to 
be switched to the conducting state when said integrat 
ing capacitor has been charged with a predetermined 
quantity of electrical energy, and an adjusting device 
for varying the moment at which said switching ele 
ment is switched, said monitoring circuit generating 
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said signal when said switching element has been 
switched. 

13. An electronic flash system as claimed in claim 12 
wherein said adjusting device is a variable resistor 
whose resistance is manually changeable. 

14. An electronic flash system as claimed in claim 12 
wherein said adjusting device is a variable resistor 
whose resistance is changed by operating a focusing 
mechanism and a lens aperture regulating mechanism 
of a camera used in combination with said electronic 
flash system. 

15. An electronic flash system as claimed in claim 14, 
further comprising means for changing the resistance 
of said variable resistor according to the exposure 
index of the film loaded in the camera. 

16. An electronic flash system as claimed in claim 12 
wherein said adjusting device includes a first variable 
resistor and a second variable resistor which are inter 
connected in series, the resistance of said first variable 
resistor being changed by operating the focusing mech 
anism of the camera, and the resistance of said second 
variable resistor being changed by operating its lens ap 
erture regulating mechanism. 

17. An electronic flash system as claimed in claim 16, 
further comprising means for changing the resistance 
of at least one of said first and said second variable re 

8. An electronic flash system as claimed in claim 750 sistors in accordance with an exposure index of the film 
wherein said switching element is a transistor. 

9. An electronic flash system as claimed in claim 3 
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loaded in the camera. 
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